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Description 

DRIVING CIRCUIT OF A LIQUID CRYSTAL 
DISPLAY AND DRIVING METHOD 

THEREOF 

Background of Invention 

[0001] 1. Field of the Invention 

[0002] The invention relates to a driving circuit of a liquid crystal 
display and a driving method thereof, and more particu- 
larly, to a driving circuit and a driving method with a 
lookup table (LUT). 

[0003] 2. Description of the Prior Art 

[0004] A liquid crystal display (LCD) has advantages of 

lightweight, low power consumption, and low divergence, 
and is applied to various portable equipment, such as 
notebook computers and personal digital assistants (PDA). 
In addition, LCD monitors and LCD televisions are gaining 
in popularity as a substitute for traditional cathode ray 
tube (CRT) monitors and televisions. However, an LCD still 



has some disadvantages. Because of the limitations of 
physical characteristics, the liquid crystal molecules 
should be twisted and rearranged when changing input 
data, and the images will be delayed. For satisfying the 
rapid switching requirements of multimedia equipment, 
improving the response speed of liquid crystal is desired. 

[0005] Please refer to Fig.l, which is a timing diagram of the 

pixel voltage and the transmission rate VI according to a 
prior art LCD. In Fig.l, the pixel voltage is shown with the 
straight lines, and the transmission rate VI is shown with 
a dotted line. In Fig.l, frame N means a frame period, and 
frame N+1, N+2... mean the following frame periods. 
When the pixel voltage is switched from a data voltage CI 
to a data voltage C2, due to the physical characteristics of 
liquid crystal molecules, the liquid crystal molecules can- 
not be twisted to a predetermined angle within a frame 
period and fail to perform a predetermined transmission 
rate. As the curve of the transmission rate VI shows, the 
transmission rate VI cannot reach a predetermined trans- 
mission rate until the frame period of frame N+2. The de- 
layed switch will cause blurring on the LCD. 

[0006] An over-driving method is utilized to improve the delayed 
switch. Please refer to Fig. 2, which is a timing diagram of 



the pixel voltage and the transmission rate V2 according 
to a prior art LCD using an over-driving method. When the 
pixel voltage is switched from the data voltage CI to the 
data voltage C2, an over-driving data voltage C3 is added 
to accelerate the response speed of the liquid crystal 
molecules. Since a higher data voltage can obtain a faster 
response speed of the liquid crystal molecules, the data 
voltage C3 higher than the data voltage C2 can improve 
the delayed switch to reach the predetermined transmis- 
sion rate in a frame period. As Fig. 2 shows, the curve of 
the transmission rate V2 can reach the predetermined 
transmission rate in frame N. 
[0007] The U.S. published application No. 2002/0050965 dis- 
closes an over-driving method using a brief table to store 
the over-driving image data. The brief table only includes 
part of the over-driving image data for driving the pixels 
switched from one gray level to another. When the driving 
circuit receives the image data from the input terminal, a 
processor is used to perform an interpolation operation to 
expand the brief table. Hence, an extra algorithm is 
needed in the conventional over-driving method and the 

algorithm will slow down the response speed. 
Summary of Invention 



[0008] It is therefore a primary objective of tlie claimed invention 
to provide a driving circuit of a liquid crystal display and a 
driving method thereof to solve the above-mentioned 
problem. 

[0009] According to the claimed invention, a driving circuit of a 
liquid crystal display and a driving method thereof are 
disclosed. The liquid crystal display includes a liquid crys- 
tal panel. The liquid crystal panel has a plurality of scan 
lines, a plurality of data lines, and a plurality of pixels. 
Each pixel is connected to a corresponding scan line and a 
corresponding data line, and each pixel has a switching 
device connected to the corresponding scan line and the 
corresponding data line. The driving circuit includes a 
scan line driving circuit, an image data input terminal, a 
bit processor, an image memory, a comparison circuit, a 
lookup table (LUT), a multiplexer, and a data line driving 
circuit. 

[0010] The claimed driving method includes continuously provid- 
ing scan voltages to the scan lines and the bit processor 
receiving an M-bit image data from an image data input 
terminal. The N most significant bits (MSB) of the M-bit 
image data is extracted to form an N-bit image data, with 
N being smaller than M. The N-bit image data is delayed 



by a frame period to form an N-bit delayed image data. P 
l\/ISB of a current M-b\l image data are compared with the 
N-bit delayed image data to determine a result value. If 
the result value equals a first result value, a first image 
value is selected from a reference table in accordance with 
the P MSB and the N-bit delayed image data and a first 
data voltage is formed according to the first image value, 
the first data voltage being provided to the corresponding 
data line. If the result value equals a second result value, a 
second data voltage is formed in accordance with the cur- 
rent M-bit image data and the second data voltage is pro- 
vided to the corresponding data line. 

[0011] In addition, if the result value equals a second result 

value, the driving method can also select a second image 
value from a reference table in accordance with the P MSB 
and the N-bit delayed image data and form a second data 
voltage in accordance with (M— Q)MSB of the second im- 
age value and Q least significant bits (LSB) of the current 
M-bit image data, and then provide the second data volt- 
age to the corresponding data line. 

[0012] The claimed invention extracts MSB of the image data to 
perform the over-driving method without increasing 
memory. The image process and transmission can be ac- 



celerated without increasing liardware cost. 
[0013] Tliese and other objectives of the present invention will no 
doubt become obvious to those of ordinary skill in the art 
after reading the following detailed description of the pre- 
ferred embodiment that is illustrated in the various fig- 
ures and drawings. 
Brief Description of Drawings 

[0014] Fig.l is a timing diagram of pixel voltage and transmis- 
sion rate according to prior art. 

[0015] Fig. 2 is another timing diagram of pixel voltage and 

transmission rate according to prior art using an over- 
driving method. 

[0016] Fig. 3 is a diagram of liquid crystal display. 

[0017] Fig. 4 is a block diagram of one embodiment of the 

present invention. 
[0018] Fig. 5 is a reference table used for the lookup table in 

Fig.4. 

[0019] Fig. 6 is a block diagram of another application of the 

present invention. 
[0020] Fig. 7 is a reference table used for the lookup table in 

Fig. 6. 

[0021] Fig. 8 is a block diagram of another application of the 



present invention. 
[0022] Fig. 9 is a reference table used for the lool<up table in 
Fig. 8. 

[0023] Fig. 10 is a block diagram of another embodiment of the 

present invention. 
Detailed Description 

[0024] Please refer to Fig. 3, which is a diagram of a general LCD 
30. The LCD 30 comprises a liquid crystal panel 31, and 
the liquid crystal panel 31 comprises a plurality of scan 
lines 32, a plurality of data lines 34, and a plurality of pix- 
els 36. Each pixel 36 is connected to a corresponding scan 
line 32 and a corresponding data line 34, and each pixel 
36 has a switching device 38 and a pixel electrode 39. The 
switching device 38 is connected to the corresponding 
scan line 32 and the corresponding data line 34. 

[0025] The driving method of the LCD 30 provides scan voltages 
to the scan lines 32 to open the switching devices 38, and 
data voltages are provided to the data lines 34 and trans- 
ferred to the pixel electrodes 30 through the switching 
devices 38. When scan voltages are provided to the scan 
lines 32 to open the switching devices 38, data voltages 
on the data lines 34 will charge the pixel electrodes 39 
through the switch devices 38, and twist the liquid crystal 



molecules. When scan voltages on the scan lines 32 are 
removed to close the switching devices 38, the electrical 
connections between the data lines 34 and the pixel 36 
will be cut and the pixel electrodes 39 will remain 
charged. The scan lines 32 control the switching devices 
38 to repeatedly open and close, and thus the pixel elec- 
trodes 39 can be repeatedly charged. Different data volt- 
ages will cause different twisting angles and show differ- 
ent transmission rates. Hence, the LCD 30 displays differ- 
ent images. 

[0026] Please refer to Fig. 4, which is a block diagram of the first 
embodiment. A driving circuit 40 is utilized for driving the 
LCD 30 in Fig. 3. The driving circuit 40 comprises an im- 
age data input terminal 41, a bit processor 42, an image 
memory 43, a comparison circuit 44, a lookup table (LUT) 
45, a multiplexer 46, a data line driving circuit 47, a 
memory 48, a table selector 49, and a temperature detec- 
tor 51. In this embodiment, the image memory 43 is a 
16-bit (5,6,5 or 5,5,5) memory having the necessary cir- 
cuitry to read/write the memory cells. The image data in- 
put terminal 41 transfers 3 image data (RGB) to the bit 

processor 42, and each image data is 8 bits for controlling 

g 

the gray levels of the pixel 30. Each color has 256 (2 ) 



gray levels, so the 3 image data need 24 bits (8X3) to de- 
termine a RGB image. For using the 16-bit image memory 
43 in this embodiment, the bit processor 42 is used to 
extract most significant bits (MSB) of the 3 RGB image 
data. For example, extracting 5 MSB of the R image data, 
6 MSB of the G image data, and 5 MSB of the B image 
data, and storing the extracted data in the image memory 
43. It is of course possible that 5 or other quantities MSB 
can be extracted from 3 RGB image data as long as the 
total extracted bits are not more than 16. 
[0027] In this embodiment, one of the 3 RGB image data is repre- 
sentative to explain the present invention. The image data 
input terminal 41 transfers an 8-bit image data D8 to the 
bit processor 42. The bit processor 42 processes the 8-bit 
image data D8 and outputs a 6-bit second extracted im- 
age data D6 and a current 8-bit image data D8. The sec- 
ond extracted image data D6 is the 6 MSB extracted from 
the current 8-bit image data D8 by the bit processor 42, 
and the second extracted image data D6 is stored in the 
image memory 43 to delay a frame period. After delayed a 
frame period, the second extracted image data D6 is out- 
putted as a first extracted image data D6. In Fig. 4, the 
first extracted image data D6 and the second extracted 



image data D6 received by the comparison circuit 44 be- 
long to different frame cycles as they differ one frame pe- 
riod. 

[0028] The bit processor 42 transfers the second extracted image 
data D6 to the comparison circuit 44 and transfers the 
current 8-bit image data D8 to the multiplexer 46. The 
image memory 43 transfers the first extracted image data 
D6 to the comparison circuit 44. The first extracted image 
data D6 and the second extracted image data D6 are 
compared in the comparison circuit 44. A result value of 0 
or 1 is determined after comparing the first extracted im- 
age data D6 and the second extracted image data D6. The 
result value 0 means that the first extracted image data 
D6 and the second extracted image data D6 are the same, 
and the result value 1 means that they are different. Since 
the first extracted image data D6 and the second ex- 
tracted image data D6 are extracted from two different 
8-bit image data D8, the result value 0 means that the 
differences between these two 8-bit image data D8 is less 
than 4. 

[0029] For example, if the values of the first extracted image 

data D6 and the second extracted image data D6 are both 
2 (000010), the result value of the comparison circuit 44 



is 0, and the two corresponding 8-bit image data D8 are 
S-ll (00001000-00001011). Wlien the result value is 0, 
the pixel 36 does not need the over-driving control. On 
the other hand, if the result value is 1, the difference be- 
tween these two 8-bit image data D8 is at least 4 and the 
pixel 36 needs the over-driving control. For example, if 
the value of the first extracted image data D6 is 2 
(000010) and the value of the second extracted image 
data D6 is 5 (000101), the two corresponding 8-bit image 
data D8 are 8-11 (00001000-00001011) and 20-23 
(00010100-00010111). In this situation, the pixel 36 
needs the over-driving control. 
[0030] The lookup table 45 comprises a reference table, and the 
lookup table 45 is operated in accordance with the refer- 
ence table. Please refer to Fig. 5, which illustrates a refer- 
ence table 50 of the lookup table 45 in Fig. 4. The refer- 
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ence table 50 is recorded with (2 x 2 ) or (2 x 2 ) 8-bit 
image data values 52, and each image data value 52 cor- 
responds to different first extracted image data D6 and 
second extracted image data D6. When the result value is 
1, meaning the first extracted image data D6 and the sec- 
ond extracted image data D6 are different, the first ex- 
tracted image data D6 and the second extracted image 



data D6 are transferred to the lookup table 45. Then the 
lookup table 45 selects a corresponding 8-bit image data 
value 52 from the reference table 50 as a first image value 
D8 according to the first extracted image data D6 and the 
second extracted image data D6, and transfers the first 
image value D8 to the multiplexer 46. 

[0031] For example, when the value of the first extracted image 
data D6 is 2 (000010) and the value of the second ex- 
tracted image data D6 is 3 (000011), the lookup table 45 
selects 25 (00011001) from the reference table 50 as the 
first image value D8, and transfers the first image value 
D8 to the multiplexer 46. 

[0032] In addition, the result value of the comparison circuit 44 is 
transferred to the multiplexer 46 to control the operation 
of the multiplexer 46. If the result value is 0, the multi- 
plexer 46 will output the current 8-bit image data D8. If 
the result value is 1, the multiplexer 46 will output the 
over-driving image data D8. The output Dout of the mul- 
tiplexer 46 is transferred to the data line driving circuit 
47, and the data line driving circuit 47 produces a corre- 
sponding data voltage in accordance with the output Dout 
(D8 or D8) of the multiplexer 46. The data voltage is ap- 
plied to the corresponding data line 34 to control the 



pixel 36. 

[0033] For example, if the values of the first extracted image 

data D6 and the second extracted image data D6 are both 
2 (000010) and the value of the current 8-bit image data 
D8 is 10 (00001010), the output Dout of the multiplexer 

46 will be 10 (00001010) and the data line driving circuit 

47 will produce a first data voltage corresponding to the 
output Dout. If the value of the first extracted image data 
D6 is 2 (000010) and the value of the second extracted 
image data D6 is 63 (111111), the over-driving image 
data D8 outputted by the lookup table 45 will be 255 
(11111111), the output Dout will be 255, and the data 
line driving circuit 47 will produce a second data voltage 
corresponding to the output Dout. 

[0034] Fig. 6 shows a similar embodiment of the present inven- 
tion. In this situation, the bit processor 42 extracts differ- 
ent MSBs of the 8-bit image data D8. For example, 5 and 
6 MSBs of the 8-bit image data D8 are extracted to be the 
first extracted image data D5 and the second extracted 
image data D6 respectively. As with the previous embodi- 
ment, the comparison circuit 44 compares the first ex- 
tracted image data D5 and the second extracted image 
data D6 and determines the result value. When comparing 



the first extracted image data D5 and the second ex- 
tracted image data D6, the comparison circuit fills the 
least significant bits (LSB) of the first extracted image data 
D5 with 0 and compares the filled first extracted image 
data D5 with the second extracted image data D6. For ex- 
ample, if the first extracted image data D5 is 7 (00111) 
and the second extracted image data D6 is 10 (001010), 
the LSB of the first extracted image data D5 is filled with 0 
so that the filled first extracted image data D5 becomes 
14 (001110). Then, 14 (001110) is compared with 10 
(001010). Again, if the result value is 0, the pixel 36 does 
not need the over-driving control. If the result value is 1, 
the pixel 36 needs the over-driving control. 
[0035] In addition, when comparing the first extracted image 
data D5 and the second extracted image data D6, the 
comparison circuit 44 can delete the LSB of the second 
extracted image data D6 and compare the first extracted 
image data D5 with the modified second extracted image 
data D6. For example, if the first extracted image data D5 
is 7 (00111) and the second extracted image data D6 is 
10 (001010), the LSB of the second extracted image data 
D6 is deleted, and the modified second extracted image 
data D6 is 5 (00101). Then, 7 (00111) is compared with 5 



(00101). Similarly, if the result value is 0, the pixel 36 
does not need the over-driving control. If the result value 
is 1, the pixel 36 needs the over-driving control. 
[0036] In this embodiment, the reference table used in the 

lookup table 45 is different. Please refer to Fig. 7, which is 
a reference table 70 used for the lookup table 45 in this 

5 6 

situation. The reference table 70 is recorded with (2x2) 
8-bit image data values 72. When the result value is 1, 
meaning that the first extracted image data D5 and the 
second extracted image data D6 are different, the first 
extracted image data D5 and the second extracted image 
data D6 are transferred to the lookup table 45. Then the 
lookup table 45 selects a corresponding 8-bit image data 
value 72 from the reference table 70 as a first image value 
D8 according to the first extracted image data D5 and the 
second extracted image data D6, and transfers the first 
image value D8 to the multiplexer 46. 

[0037] For saving power, the comparison circuit 44 can further 
output a LUT enable signal to the lookup table 45. When 
the result value is 1, the LUT enable signal will turn on the 
lookup table 45. When the result value is 0, the LUT en- 
able signal will turn off the lookup table 45. 

[0038] In this embodiment, the bit processor 42 extracts N and P 



MSBs of the 8-bit image data D8 to form tlie first ex- 
tracted image data and the second extracted image data. 
As described above, the combination of (N,P) is (6,6) or 
(5,6), and can be other suitable values such as (5,5). 
Please refer to Fig. 8 and Fig. 9. Fig. 8 is a block diagram of 
an embodiment where (N,P) is (5,5), and Fig. 9 is a refer- 
ence table 90 used for the lookup table 45 in Fig. 8. The 
operation where (N,P) is (5,5) is similar to that where (N,P) 
is (6,6), and the only difference is whether 5 or 6 MSBs of 
the 8-bit image data D8 is extracted. When (N,P) is (5,5), 
the first extracted image data D5 and the second ex- 
tracted image data D5 are both 5-bit image data, and the 
reference table 90 is stored with (2^x 2^) 8-bit image data 
92. The lookup table 45 selects a corresponding 8-bit im- 
age data value 92 from the reference table 90 according 
to the first extracted image data D5 and the second ex- 
tracted image data D5 to control the followed operation of 
the data line driving circuit 47. 
[0039] Fig. 10 is a block diagram of another embodiment of the 
present invention. The driving circuit 100 is also used for 
driving the LCD 30 in Fig. 3. The driving circuit 100 also 
comprises an image data input terminal 101, a bit proces- 
sor 102, an image memory 103, a comparison circuit 104, 



a lookup table (LUT) 105, a multiplexer 106, a data line 
driving circuit 107, a memory 108, a table selector 109, 
and a temperature detector 111. Functions of all elements 
(except where stated otherwise) are the same as those of 
the corresponding elements in the driving circuit 40. In 
this embodiment, the image memory 103 is also a 16-bit 
memory. The image data input terminal 101 transfers 3 
image data (RGB) to the bit processor 102, and each im- 
age data is 8 bits. 
[0040] In this embodiment, one of the 3 RGB image data is also 
representative to explain the present invention. The image 
data input terminal 101 transfers an 8-bit image data D8 
to the bit processor 102. The bit processor 102 processes 
the 8-bit image data D8 and outputs a 6-bit second ex- 
tracted image data D6 and a 2-bit third extracted image 
data D2. The second extracted image data D6 is delayed a 
frame period and is outputted as a first extracted image 
data D6. The producing and transferring methods of the 
first extracted image data D6 and the second extracted 
image data D6 are the same as those in the previous em- 
bodiments. The bit processor 102 extracts 2 LSB of the 
8-bit image data D8 to form the third extracted image 
data D2, and the third extracted image data D2 is trans- 



ferred to the multiplexer 106. 

[0041] The first extracted image data D6 and the second ex- 
tracted image data D6 are also compared in the compari- 
son circuit 104, and a result value 0 or 1 is determined. In 
this embodiment, the comparison process and the defini- 
tion of the result value are all same as those in the previ- 
ous embodiments. The comparison circuit 104 transfers 
the first extracted image data D6 and the second ex- 
tracted image data D6 to the lookup table 105, and trans- 
fers the result value to the multiplexer 106. Similarly to 
the previous embodiments, the bit numbers of the first 
extracted image data D6 and the second extracted image 
data D6 are the same or different. When D6 and D6 are 
different, the lookup table 105 selects the over-driving 
image data from the reference table 50, 70, or 90. 

[0042] When the lookup table 105 is operated, the lookup table 
105 selects a 8-bit over-driving image data from the ref- 
erence table 50, 70, or 90 according to the first extracted 
image data D6 and the second extracted image data D6, 
and extracts 2 LSB D2 and 6 MSB D6-out of the 8-bit 
over-driving image data. Consider an example, when the 
value of the first extracted image data D6 is 2 (000010) 
and the value of the second extracted image data D6 is 3 



(000011). The lookup table 105 selects 25 (00011001) 
from the reference table 50 (Fig. 5) as the 8-bit over- 
driving image value, and extracts 2 LSB (01) and 6 IVISB 
(000110) of the 8-bit over-driving image value 
(OOOllOOl)to separately transfer to the multiplexer 106 
and the data line driving circuit 107 as D2 and D6-out. 
Similarly, the result value is transferred to the multiplexer 
106 to control its operation. If the result value is 0, the 
multiplexer 106 will output the 2 LSB D2 of the current 
8-bit image data D8. If the result value is 1, the multi- 
plexer 106 will output D2 of the lookup table 105. The 
output D2-out of the multiplexer 106 is transferred to the 
data line driving circuit 107, and the data line driving cir- 
cuit 107 produces a corresponding data voltage in accor- 
dance with the output D2-out (D2 or D2) of the multi- 
plexer 106 and the output D6-out of the lookup table 
105. The data voltage is applied to a corresponding data 
line 34 to control the pixel 36. 
[0043] For example, if the first extracted image data D6 and the 
second extracted image data D6 are both 2 (000010) and 
the current 8-bit image data D8 is 11 (00001011), the 
lookup table 105 will select the over-driving image data 
52 which has a value of 8 (00001000) from the reference 



table 50. The output D2 is 0 (00) and the output D6-out is 
2 (000010), and the output D2-out of the multiplexer 106 
equals the third extracted image data D2 (11). The data 
line driving circuit 107 produces a corresponding first 
data voltage in accordance with the 2 LSB D2 of the cur- 
rent 8-bit image data D8 and the 6 MSB D6-out of the 
over-driving image data 52 which has the value of 8 
(00001000). If the first extracted image data D6 is 2 
(000010) and the second extracted image data D6 is 63 
(mill), the lookup table 105 will select the over-driving 
image data 52 whose value is 255 (11111111) from the 
reference table 50. The output D2 is 3 (11) and the output 
D6-out is 63 (mill), and the data line driving circuit 
107 produces a corresponding second data voltage in ac- 
cordance with the over-driving image data 52 which value 
is 255. 

[0044] When the liquid crystal molecules of the LCD 30 are 

twisted, the response time differs with the temperature of 
the liquid crystal panel 31. For the best performance of 
the LCD 30, the driving circuits 40 and 100 select a suit- 
able reference table according to the temperature of the 
liquid crystal panel 31. As Fig. 4 and Fig. 10 show, the 
memory 48 and 108 comprise a plurality of tables 54 and 



114, and each table 54 or 114 corresponds to different 
temperatures of the liquid crystal panel 31. When the 
driving circuit 40 or 100 is operated, the temperature de- 
tector 51, 111 will detect the temperature of the liquid 
crystal panel 31 and produce a temperature compensation 
signal St. The temperature compensation signal St is 
transferred to a table selector 49, 109 to determine a 
suitable reference table, and the selected reference table 
is transferred to the lookup table 45, 105 for outputting 
the image data D8 or D2. 

[0045] In the above embodiments, the circuit devices, the ex- 
tracting method, the delaying method, the comparison 
method and the reference tables are all similar. The dif- 
ference is that the 8-bit values in the reference tables are 
directly outputted to the multiplexer in the first embodi- 
ments, and the 8-bit values of the reference tables are di- 
vided into 2 LSB and 6 MSB and are separately outputted 
to the multiplexer and the data line driving circuit in the 
embodiment shown in Fig. 10. Furthermore, the LSB and 
MSB in the present invention are not limited in 6-bit, 
5-bit, or 2-bit, and can be other values. 

[0046] In contrast to the prior art, the reference tables in the 
present invention are built by actually measuring the 



over-driving voltages needed for properly driving tlie liq- 
uid crystal panel in a frame period. The reference tables 
include all of the over-driving image data that drives the 
pixels from any gray level to another, so the processor 
used to expand the brief table is not needed, and the effi- 
ciency can be improved. Additionally, the driving circuit 
and the driving method of the present invention extract 
LSB or MSB of a general bit length, so the management of 
the image memory can be more convenient and efficient. 
[0047] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



